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TIN DEPOSITION 

BACKGROUND 

This disclosure relates to tin deposition, for example, by 
electroplating . 

Systems and techniques for depositing tin can be used in 
various industries to form a wide array of commercial products. 
For example, tin can be electroplated onto steel strips to form 
tinplate. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a flowchart of a process for plating tin onto a 
semiconductor device. 

FIG. 2 is an SEM image of the center of a tin deposit. 

FIG. 3 is an SEM image of the edge of the tin deposit of 
FIG. 2. 

Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

FIG. 1 is a flowchart of a process 100 for plating tin onto 
a semiconductor device. The actor performing process 100 
obtains a semiconductor device that has been metallized or 
otherwise includes a conductive or semiconductive portion at 
105. For example, the semiconductor device can include a 
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titanium, chromium, or aluminum film that has been deposited by 

physical vapor deposition (PVD) to form under bump metal pads on 

a semiconductor die. The semiconductor die can include a 

microprocessor . 

5 If necessary, the conductive or semiconductive portion of 

the device can be selectively passivated at 110. For example, a 
non-conducting passivation layer such as a silicon oxide, a 
silicon nitride, or a polyimide can be formed above selected 
locations on the conductive or semiconductive portion while 

10 leaving other locations exposed. These exposed locations can be 
the site of pad openings where tin bumps are to be formed. The 
tin bumps can be used to connect a semiconductor die to 
packaging in Flip Chip packaging processes. 

Depending on the nature of the conductive or semiconductive 

15 portion of the device, a base metal layer can be formed at 115. 
The base metal layer can act as a barrier that prevents or 
reduces diffusion into the conductive or semiconductive portion 
of the device through the exposed locations. The base metal 
layer can be a 200-400 nm thick PVD titanium/nickel vanadium. 

20 A photoresist pattern with openings above some or all of 

the exposed locations can be formed at 120. For example, 
polyimide can be spun coat atop the device and openings can be 
formed in the film using lithographic techniques. The openings 
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can be the site of pad openings where tin bumps are to be 

formed. 

Tin can be deposited over the openings in the photoresist 
layer of the semiconductor device at 125. For example, tin 
bumps can be electroplated onto a barrier metal layer. Tin can 
be electroplated using the systems and techniques discussed 
below. 

The photoresist layer obtained at 12 0 can be removed at 13 0 
and any excess portion of the base metal layer formed at 115 can 
be etched away at 135. The tin deposited above the openings can 
be ref lowed at 140, for example, by heating the tin deposit to 
temperatures between 2 00 and 300°C, 

The deposition of tin can include pretreatment of the 
deposition substrate. For example a metal substrate can be 
pretreated by exposing the substrate to a strong acid such as 
methane sulfonic acid. Voltage cycling can also be used during 
pretreatment . 

Tin can be deposited by electroplating. The electroplating 
bath can be an aqueous solution that includes a bath-soluble tin 
compound, an acid, and a surfactant. The electroplating 
solution can also include a grain refiner. 

The bath soluble tin compound can be a stannic or stannous 
salt. The stannic or stannous salt can be a sulfate, an alkane 
sulfonate, or an alkanol sulfonate. For example, the bath 
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soluble tin compound can be one or more stannous alkane 

sulfonates of the formula: 

(RS0 3 ) 2 Sn 

where R is an alkyl group that includes from one to twelve 
carbon atoms. The stannous alkane sulfonate can be stannous 
methane sulfonate with the formula: 




The bath soluble tin compound can also be stannous sulfate 
of the formula: 

SnS0 4 

The electroplating bath can include between approximately 
2 0 and 40 grams per liter of one of stannous methane sulfonate, 
stannous sulfate, and a mixture of stannous methane sulfonate 
and stannous sulfate. 

An acid included in the electroplating solution can be a 
strong acid. A strong acid is an acid that dissociates almost 
completely in the electroplating solution. The strong acid can 
be a sulfuric acid, an alkane sulfonic acid, or an alkanol 
sulfonic acid. For example, the strong acid can be one or more 
alkane sulfonic acids of the following formula: 

RSO3H 
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where R is an alkyl group that includes from one to twelve 
carbon atoms. Alkane sulfonic acids include, for example, 
methane sulfonic acid, ethane sulfonic acid, propane sulfonic 
acid, 2 -propane sulfonic acid, butane sulfonic acid, 2 -butane 
sulfonic acid, pentane sulfonic acid, hexane sulfonic acid, 
decane sulfonic acid, and dodecane sulfonic acid. 

The strong acid can be sulfuric acid or a mixture of 
sulfuric acid with one or more alkane sulfonic acids. 

An anion of the bath soluble tin salt can correspond to an 
anion of the strong acid. The electroplating bath can include 
between approximately 100 and 2 00 grams per liter, for example, 
130 to 170 grams per liter, of one of methanesulf onic acid, 
sulfuric acid, and a mixture of methanesulf onic acid and 
sulfuric acid. 

A surfactant included in the electroplating solution can be 
an anionic surfactant. The anionic surfactant can be a 
sulf opropylated compound. The sulf opropylated compound can 
include a water soluble hydrophilic portion. The hydrophilic 
portion can be polymeric, such as a polyethylene glycol, a 
polypropylene glycol, a poly (ethylene-propylene) glycol, a 
poly (hydroxye thy 1 methacrylate) , a poly (dimethyl acrylamide) , a 
poly(acrylic acid), a poly (methacrylic acid), a polysulfone, 
poly(vinyl alcohol), a polyacrylamide, a poly (acrylamide-acrylic 
acid), a poly(styrene sulfonate), a poly (ethylene oxide), a 
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poly (ethylene oxide -propylene oxide), a poly (glycolic acid), a 

polydactic acid), a poly (vinylpyrrolidone) , a cellulosic, a 

polysaccharide, a mixture thereof, and a copolymer thereof. 

Example anionic sulfonate surfactants that include a 

5 polymeric hydrophilic portion are one or more polyethyleneglycol 

alkyl-3-sulf opropyl diethers of the formula: 

R (OCH2CH2) n 0 (CH 2 ) 3SO3X 

where R is an n-alkyl and X is a cationic species in 
aqueous solution. For example, X can be potassium, R can be 
10 include between 13 and 15 carbon atoms, and n can be between 5 
and 12 . 

Example formulae of polyethyleneglycol alkyl -3 -sulf opropyl 
diethers include 
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Polyethyleneglycol alkyl-3 -sulf opropyl diethers are 
available from RASCHIG GmbH, Ludwigshaf en, Germany under the 
trade names RALUFON F 11-13, RALUFON F 4-1, RALUFON F 5-13, and 
RALUFON F 7-13. The electroplating bath can include between 
approximately 1 and 2 grams of a potassium salt of one or more 
polyethyleneglycol alkyl-3 -sulf opropyl diethers per liter. 

A grain refiner included in the electroplating solution can 
be a compound effective to restrict grain growth during 
electrodeposition. A grain refiner can restrict grain growth by 
adsorbing to grain boundaries during plating. By restricting 
grain growth, a grain refiner can provide electroplated tin with 
relatively uniform grain sizes and low porosities. The grain 
refiner can be an organic compound. A grain refiner can include 
a system of conjugated pi bonds, such as an aromatic ring. 
Examples of grain refiners that includes a system of conjugated 
pi bonds include one or more of hydroquinone and 4-phenyl-3- 
buten-2-one. 4-Phenyl-3-buten-2-one is also known as 
benzalacetone or benzyl ideneacetone and has the formula: 
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5 The electroplating bath can include between approximately 

10 and 3 0 ppm of benzalacetone . 

Tin electroplating can be performed at relatively high 
speed. For example, current densities greater than 
approximately 3 0 mA/cm 2 , greater than approximately 4 0 mA/cm 2 , 

10 and greater than approximately 50 mA/cm 2 can be used while 

achieving high plating efficiencies. For example, when using an 
aqueous plating bath that includes: between approximately 20 and 
40 grams per liter of one of stannous methane sulfonate, 
stannous sulfate, and a mixture thereof; between approximately 

15 100 and 200 grams per liter, for example, 130 to 170 grams per 
liter, of one of methanesulf onic acid, sulfuric acid, and a 
mixture thereof; and between approximately 1 and 2 grams of a 
potassium salt of one or more polyethyleneglycol alkyl-3- 
sulfopropyl diethers per liter, plating efficiencies in excess 

20 of approximately 95% can be achieved with these current 
densities . 

FIGS. 2 and 3 show scanning electron microscopy (SEM) 
images of tin deposits that were beaker scale electroplated 
under the following conditions: 
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current density: 60 mA/cm 2 ; 

agitation : moderate; 

temperature : ambient ; 

cathode: 2 cm 2 blanket wafer with copper seed layer; 
5 anode: 6 cm 2 tin metal sheet; 

plating pretreatment : 1 minute immersion in 10% 
methane sulfonic acid followed by a deionized water rinse; and 

plating time: 5 minutes. 
The plating efficiency was approximately 99%. FIG. 2 shows the 
10 morphology of the center of the deposit. FIG. 3 shows the 

morphology of the edge of the deposit. No whisker issue was 
observed after six months of ambient storage. 

The approaches to electroplating described herein can be 
used to generate tin films that are substantially lead-free. 
15 For example, the films can be greater than approximately 99% 
tin. 

The approaches to electroplating described herein can yield 
tin films that include organic residue characteristic of the 
plating baths. 

20 A number of embodiments of the invention have been 

described. Nevertheless, it will be understood that various 
modifications may be made. Accordingly, other embodiments are 
within the scope of the following claims. 
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